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(57) Abstract 

Oligo-thiophenes of formula 
(I) are disclosed wherein; A is 

a -CH 2 -CO-, -CH 2 CH 2 -CO- or /? 

-CH=CH-CO- group; B is a 2-thienyl H 

or a phenyl group, which is substituted s fll 

by an R group, or it is a natural or \\ // \ ^ ^ 

synthetic amino acid, linked to the ' ^ It A 

A group via its N-terminus; or A-B \ 

is a — CH 2 CH 2 — N'H— A.A.— group, B 

wherein the A. A. —group is a natural 
or synthetic amino acid residue, linked 
to the CHzCH^-NH-group via its 

(C|-C4)alkylene-NR-2 or^ (C i-Ca)’a'lkvlene-^^^ iTydro-^ror'i^'Ic'^i^^^ COOR'. (Ci-C4)aikylene-NH2. 

with phannaceutically acceptable acids and bases. It Is also claimed the' use of the r"^ thereof, and salts thereof 

b.na.ng to the .specific uPAR receptor, in particular their application as antitumor Z an^^sStif age^ ^ ^ 
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OLIGO-TmOPHENES U SEFUL AS .^NTTMF.T A STATIC a 

PRfP.ARATIO N THEREOF AND PHAR2V1ACEUTICAT. COMPn^FTTOMC 
CONTAJNTNrT TTTFX/f 

The present invention concerns oligo-thiophenes. optionally linked to natural or synthetic 
aminoacids. 

These compounds have been found to possess uPAruPAR antagonist activity and can be 
employed as antitumor and/or antimetastatic agents. 
backgr ound of the ITvT/FNTTON 

The senne proteases uPA (urokinase-type plasminogen activator) catalyzes the aaivation 
of plasminogen to plasmin which is involved in a variety of physiological and 
pathological processes. uPA is a multi-domain protein having a catalytic “B” chain 
( amino-acids 144-41 1) and an amino-terminal fragment (“ATF", aa i-1431 comprised of 
a growth factor-like domain (aa 4-43) and a knngle domain (aa 47-135). uPA is a 
multifunctional protein involved in tissue proteolysis, cellular migration, cellular 
proliferation and growth factor activation. uPA is released from cells as a viaually 
inactive pro-enzyme, pro-uPA. The activation of the single-chain pro-uPA by plasmin 
(leading to the active two-chain form) is regulated by tight control mechanisms which are 
not completely understood yet. Most of the uPA activities are confined to the ceil surface 
ai^d the pencellular environment. This is accomplished by binding to a specific, high- 
airmity receptor on the cell surrace (uP.\R). Both forms of uPA bind to uP,Ml with 
simiiar affinity. The binding interaction is mediated by the growth factor-like domain 
[S.A. Rabbani et Biol. Chem., 267, 14151-56, 1992]. 

Tne uPA receptor is a three domain glycoprotein where each tn plicated motif comprizes 
a cysteine nch consensus sequence of approximately 90 ammo acids [M. Ploueh et al., J. 
Biol. Chem.. 268. 17539-46. 1993]. uPAR is anchored to cell membrane by a glycosyl- 
phosphatidylinositol moiety (GPI anchor). uPAR binds uPA with Kd values between 10* 
and 1 0 M. depending on the experimental system. The major determinants for uPA 
Dinding are located in the N-terminal domain 1 . uP.^R can be cleaved by uPA and 
plasmin, liberating a water soluble domain 1 and by the action of phospholipase C, three 
domains uPAR ( H-2-h3) can be released from the cell surrace. This latter form of uPAR 
is also water soluble because the GPI-anchor is missing. 

The inhibition of uPA dependent phenomena can principally be approached in two ways, 
either by airect inhibition of the proteolytic activity or by inhibition of uPA receptor 
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binding. The latter strategy has the potential of achieving greater specificity since 
inhibition might be localized to the pericellular environment. 

A bacteriophage display technique and protein engineering have recently been used to 
discover peptidic and species-specific uPAR antagonists [Goodson et al., P^AS, 91, 

7129, 1994: Stratton-Thomas et al., Prot. Eng,^ 5, 463-470, 1995, respectively]. 

The present invention concerns oiigo-thiophenes with potent antagonistic activity. 

Many bisthiophene and tenhiophene derivatives seem to display interesting biological 
propenies [Kagan, J. et al., J, Org. Chem., 48, 4317-20, 1983 and references cited 
therein]. Most notably they are toxic to nematodes and this effect can be creatly 
enhanced by the presence of ultraviolet light. The most carefully scrutinized of these 
compounds is ct-terthienyl, a plant-derived natural product first recognized as phototoxin 
in the 1970s. This compound showed photoenhanced activirv against nematodes, 
microorganisms, algae, human erythrocytes, insect larvae and eggs, in addition to 
generating skin pigmentation, acting as herbicide and as a seed germination inhibitor. 
Photoactive antiviral and cytotoxic activities were also reported [(a) Cooper et ai., 

Bioorg, Chem., 13, 362-374, 1985 and references cited therein; (b) Rawls et al., Ghent, 

& Engirt, News, 21-23, 1986; (c) Evans et al., J, Am. Chem. Soc., 1 12, 2694-2701, 1990; 
(d) Kyo et al.. Plant Cell Rep., 9, 393-397, 1990; (e) Hudson et al., Planta Med, 59, 
447-450, 1993; (f) Hudson et al., Chemosphere. 19. 1329-1343, 1989]. A structure- 
activity relationship study was announced for the fourteen isomeric unsubstituted 
terthiophenes [Jayasunya et ai.. Heterocycles, 24, 2261-2264 and 2901-2904, 1986]. 

The use ot the thiophene ring is largely widespread in the different fields of therapeutic 
agents, while oligoihiophenes are only rarely mentioned as pharmacoioeical aeents [Press 
et al.. The {chemistry of Heterocycles Compounds, vol. 44, pan four, chapter III, edited 
by Salo Gronowitz. 396-502, 1989]. 

The up A/uP AR system has been shown to be implicated in a variety of invasive 
biological processes such as tumor metastasis, trophoblast implantation, inflammation 
and angiogenesis. Therefore, uPAR antagonists should be able to block rumor 
invasiveness, metastasis and angiogenesis. Formulations containing uPAR antagonists 
represent novel therapeutic treatments for a number of highly invasive and metastazising 
cancers where uPA and uP *AR have been found lo be consistently present at the invasive 
foci of the rumor [Dano et al.. Proteolysis and Protein Turnover , eds. Barret + Bond^ 
Portlan Press, 1994, London] (e.g. breast, lung, colon, ovarian cancers). In patients with 
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breast cancer and non-small cell lung cancer increased levels of uPAR in plasma have 
been detected. Therefore, the amount of soluble uPAR appears to reflect the degree of 
proteolysis in the tumor and this might be closely related to patient prognosis. Both uPA 
and uPAR levels in tumor tissue are prognostic factors in may types of cancers. 

In addition to cancer, other diseases mediated by cell-surface activity of uPA are 
addressed by uPAR antagonists. Inhibitors of plasmin generation by receptor bound uPA 
therefore have mechanism-based tumoristatic. ami-invasive, anti-metastatic, ami- 
angiogenic. anti-anhritic, ami-inflammatory, ami-osteoporotic, anti-retinopathic and 
contraceptive activities. These compounds are applied preferentially via the oral route, 
but also by i.v. or i.m. injeaions. nasal sprays or any other conventionally used 
application. 

DESCFOPTTON OF THE INVENTTON 

The present invention concerns oligo-thiophenes of the general formula (I); 




wherein; 

A is a -CH2-CO-. -CH2CH2-CO- or -CH=CH-CO- group; 

B is a 2-ihienyl or a phenyl group, which is substituted bv an R group, or it is a 
natural or synthetic ammo acid, linked to the A group v'ia its N-terminus; or A-B 
^ 'CH2CH2-NH-A.A. -group, wherein the A.A. -group is a natural or synthetic 
ammo acid residue, linked to the CH2CH2-NH-group via its carboxy-terminus; 

R is hydrogen or a chlorine, bromine, iodine, fluorine. (Ci-Calalkyl, (Ci- 
Calalkylene- COOR’. (C,-C4)alkylene-NH2. (Ci-Calalkylene-NH’j or (C,- 
CalaJkylene-NHCOR’ group; 

R’ is hydrogen or a (CrC4)alkyl group, 

isomers thereof, and salts thereof with pharmaceutically acceptable acids and bases. 

.A natural amino acid denotes one of the 20 a-amino acids which are the monomer units 
for polypeptides, for example Glycine, alanine, valine, leucine isoleucine, phenylalanine, 
tryptophan, proline, serine, threonine, tyrosine, aspartic acid, glutamic acid, asparagine, 
glutamine, lysine, arginine, histidine, cysteine or methionine. 
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A synthetic amino acid consists of a compound comprising an amino group together with 
a carboxy group linked to the a-carbon atom. 

Pharmaceutically acceptable salts of compounds of the present invention include 
physiologically acceptable acid addition salts for example hydrochlorides, 
hydrobromides, sulphates, methane sulphonates, p-toluensulphonates, phosphates, 
acetates, citrates, succinates, lactates, tartrates, fumarates and maleates. Salts may also 
be formed with bases, for example sodium, potassium magnesium, and calcium salts. 
Preferred compounds are those in which B is an amino acid or A-B is a group of formula 
-CH 2 CH 2 -NH-A.A. 

Other preferred compounds are those in which B is a 2-thienyl group. 

Panicularly preferred compounds are those in which the aminoacid is triptophane. 



Another object of the present invention is to provide a process tor the preparation of the 
compounds of formula (I). 

.A funher object of the present invention is the use of the compounds of formula (I) for 
the treatment of the diseases in which an inhibitor of the uPAR can be effective, in 
particular tumor and tumor metastasis or invaisveness, as well as pharmaceutical 
compositions containing a pharmacologically effective amount of one or more 
compounds of formula (I) in admixture with pharmaceutically suitable additives. 
PREP.AR.ATTQN OF THE COMPOUNDS OF THE INVENTION 
The compounds of formula (I) in which B is a natural or synthetic amino acid 
(hereinafter referred to as -A. A.-) can be prepared staning from the intermediate of 
formula (II); 




which is first transformed into the corresponding acyl chloride derivative and then it is 
reacted via Friedel-Craft reaction with the intermediate of formula (111) ’ 




(III) 



wherein A’ is a -CH?-, -CH2CH2- or -CH=CH- group and R” is a (Ct-C 4 )aikyl group, 
the presence of a Lewis acid. 




wo 99/06393 



PCT/EP98/04705 



3 



The transformation of the intermediate (II) into its acyl chloride is preferentially 
performed with thionyi chloride, which is used also as the solvent, at temperature 
between room temperature and the boiling temperature of the solvent. 

The Friedel-Craft reaction is performed in an inert solvent and at a temperature ran ging 
from -5’C and room temperature, using preferentially SnCU as the Lewis acid. 

The intermediate (IV) so obtained: 




is hydrolized into the corresponding acid of formula (V); 




Suitable reaction conditions comprise the use of a base, preferentially an alkaline metal 
hydroxide, in water, an alcohol or mixtures thereof, at a temperature ranging from 0°C to 
room temperature. 

The carboxylic group of intermediate (V) is then activated, for example with 
carbonyidiimidazoie to give the imidazolyl derivative, and subsequently reacted, 
preferentially in an men solvent and at a temperature between 0“C and 50°C. with an 
amino acid of formula -A. A.-, to give the intermediates of formula (VI); 




\Vl) 



•CCMK-A.A. -CCOR" 



w'nich are then convened into the conesponding compounds or formula (I) via hydrolysis 
of the carboxylic ester -COOR”. preferentially in acidic conditions. 

If in the above process the intermediate of formula (III) is replaced by an intermediate of 
formula (in’): 




CHXH-NH-COCF, 



(III*) 
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the compounds of formula (I) in which A-B is a -CHjCH^-NH-A.A.-group can be 
prepared. In this case, the -COCF? protecting group should be removed after the Friedel- 
Craft reaction and the intermediate so obtained should be condensed with a N-BOC- 
amino acid, previously activated through its carboxyi group. The compounds of formula 
(I) are finally obtained after removal of the BOC protecting group. 

The compounds of formula (I) in which B is a 2-thienyi or a phenyl group, which is 
substituted by an R group having the above meanings, can be prepared by Friedel-Craft 
reaction of the intermediate of formula (II), activated in its carboxylic functionality as 
described above, with an intermediate of formula (VTI): 




wherein A has the meanings shown above and B’ is a 2-thienyl or a phenyl group, which 
is substituted by an R group as shown above. 

The intermediates of formula (II) can be obtained by reaction of a bis-thiophene, 
substituted on one ring with the R substituents, with carbon dioxide and a strone base 
such as butyl lithium, at a temperature between -50°C and -20°C. The starting products 
bis-thiophenes are commercially available or can be prepared according to procedures 
well known to one skilled in the an. 

The intermediates of formula (VTI); 




wherein .A. is -CH 2 -CO- or -CH=CH-CO- can be obtained staning from the commercially 
available intermediates of formula (VIII):- 




wherein A is -CH 2 - or -CH=CH-, via transformation of the carboxylic functionality into 
its corresponding acyl chloride and subsequent Friedel-Craft reaction with a compound 
of formula B-H. wherein B-H is a thiophene or phenyl group substituted with an R group 
as shown above. 

The intermediates of formula (VII) in which A is -CH 2 CH 2 -CO- can be obtained from the 
corresponding intermediates with A = -CH=CH-CO- via hvdrozenation of the C=C 
double bond in the presence of a suitable catalyst, such as (PPh 3 ) 3 RhCl. 
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.<\nalogousiy, the imermediaies of formuia (III) in which A’ is -CH 2 CH 2 - can be obtained 
from the corresponding C=C carrying intermediates via catalytic hydrogenation. 
BIOLOGICAL ACTTVTTY 

The compounds of the invention were tested (ELISA test) as inhibitors of human 
urokinase (uPA) binding to its specific receptor uPAR mAk IBIO-R4), according to the 
procedure described in Biol. Chem. Hoppe-Seyler, 376. 587-94 (1995) by Rettenberger 
et al.. 

The assays are performed in Microtiterplates (96 wells). The following solutions are 
used: 

- washing buffer: PBS-buffer (without Mg*‘ and Ca^") + 0.05% Tween 20; 

- incubation buffer (EP): 1% skirhmed milk powder in PBS-buffer i without Mg’* and 
Ca'*); 

- BIO-R4 solution: 50 ng/well ( 0.5 Tg/ml; 100 Tl/well) in BP: 

- uPAR solution. 3 ng/well (30 ng/ml; 100 Tl/well) in PBS-buffer (without Mg'* and 
Ca'*); 

- blocking solution: 1% skimmed milk powder in washing buffer (dissolved at 37'’C); 

- uPA solution: 0.25 ng/well (5 ng/'ml; 50 Tl/well) in EP. 

Detection solutions (per microtiterplate): 

( 1 ) 6 ml ( 1 00 mM Tris-Cl pH 7.2 -*-0.1 5% Tween 80) + 1 .5 ml ( 10 Tg) Plasminogen in 
aqua bidest; 

( 2) 6 mi ( 1 00 mM Tris-Cl pH 7. 2 ~ 0. 1 5% Tween 80) I 5 ml ( 7 5 me ) chromozyme 
PL in aqua bidest. 

The detection solution must be continously stirred. 

Testing substances: the testing substances are dissolved in DMSO. Thev are used in the 
test system with a hignest concentration of 100 Tg/ml. The solutions are prepared using 
PBS. 

Three controls are performed: 

a) positive control: using 2% DMSO in PBS; 

b) negative control: assay without receptor; 

c) inhibition control; 1) inhibition (IC95 at 0.25 mg/ml) with dextranesulfate (MW = 
500.000); 

2) inhibition (ICoo at 1 Tg/'ml) with inactivated uPA (175 Tg/ml). 

Incubation is done as follows; 
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Each well is incubated by 100 T1 of BIO-R4 (c=0.5 Tg/mi) for 1 hour at room 
temperature under shaking. After washing three times with the washing buffer, each well 
is incubated for 1 hour (37®C) with 200 TV well blocking solution. After triple washing 
each well is incubated for I hour at room temperature under shaking with 100 Tl/well 
uPAR (c=30 ng/ml), then the wells are washed again three times with the washine buffer. 
The testing substance solution and the control solution, respectively, are added (50 
Tl/well) and are incubated for 30 minutes at room temperature under shaking. An 
additional 50 T1 ofuPA solution (c=2.5 ng/ml) are added. .After I hour at room 
temperature a triple washing is performed. 

For detection, the following procedure is used; 

Incubation with 50 TI each of detection solution fl) and (2) at room temperature. After 
20 minutes a yellow colour will be nsible (the positive control reads an extinmion of 1 
after 45-60 minutes). The detection is performed at 405 nm (reference is 490 nm) using a 
Dynatech fvIR 7000 ELISA reader. To obtain the percentage of inhibition the following 
formula is used (E stands for extinction): 

% Inhibition = 1 00 - 1 00 X [E,« - E,,,. ^ / Ep„. - E«,, co„«.] 

The data for some representative compounds of the invention are reponed in table I. 
Table I - BIO-R4 Assay - Inhibition of uPA binding to the specific uPAR receptor 
(BIO-R4) expressed as ICso (mM) 
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The invention concents pharmaceutical agents containing one or more compounds of 
formula (I). 

In order to produce pharmaceutical agents, the compounds of formula (I) are mixed in a 
.■cnown manner with suitable pharmaceutical carrier substances, aromatics, tlavourine and 
dyes and are formed for example into tablets or coated tablets or they are suspended or 
dissolved in water or an oil such as e.g. olive oil with addition of appropriate auxiliary 
substances. 

The substance of the general formula (I) can be administered orally or parenterally in a 
liquid or solid form. Water is preferably used as the medium which contains the 
stabilizing agents, solubilizers and/or buffers which are usually used for injection 
solutions. Such additives are for example tanrate or borate buffers, ethanol, 
dimethylsulfoxide, complexing agents (such as ethylendiaminotetraacetic acid), high 
molucuiar polymers (such as liquid polyethylene oxide) for the regulation of the viscosity 
or polyethylene derivatives of sorbitol anhydrides. 

Solid carrier substances are e.g. starch . lactose, mannitol, methylceilulose. talcum, highly 
dispersed silicic acid, higner molecular fatty acids (such as stearic acid), gelatin, azar- 
agar, calcium phosphate, magnesium stearate, animal and vegetable fats or solid high 
molecular polymers (such as polyethylene glycols). Suitable formulations for the oral 
route can if desired contain flavourings and sweeteners. 

The aamimstered dose depends on the age, the health and the weight of the patient, the 
extent of the disease, the type of treatments which are possibly being carried out 
concurrently, the frequency of the treatment and the type of the desired effect. The daily 
aose ot the active compound is usually 0. 1 to 50 mg/kg body weight. Normally 0.5 to 40 
and preferably 1 to 20 mg/Tcg/day in one or several applications per day are eflfective in 
order to obtain the desired results. 
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The invention is further illustrated by the following examples. 

Preparation 1 - Synthesis of bis-thioohene-l-carboxvlic acid 

15 g of bis-thiophene are dissolved in 300 ml of tetrahydrofuran (THF) and the solution 
is cooled at 

-40°C under a nitrogen atmosphere. 10.8 mi of 10 M buthyl lithium in hexane are 
cautiously dropped, then the red solution is kept at -10®C for I hour and it is poured into 
a flask containing 500 g of dry ice (solid carbon dioxide). The yellow suspension 
dissolves in I hour, then the resulting solution is poured into 1 000 ml of 2 N sodium 
hydroxide. After 30 minutes the organic phase is separated off and the solvent is 
concentrated to a little volume. The residue is added with 2 N sodium hydroxide and 
water and washed with hexane, then the aqueous phase is acidified to pH = 2 with 37% 
hydrochloric acid, kept for 1 hour at room temperature, and the solid is nitered and 
vashed with 50 ml of water. After drying it in an oven at 70®C. 17 S g of the product are 
obtained, m.p. 17l-l74°C 

Preparation 2 - Synthesis of 2-r3-(2-thienvnacrvlovl1thiophene 
A solution of 5 g of 3-(2-thienyl)acrylic acid in 30 ml of thionyl chloride is heated at 
50°C for 1 hour 30 minutes, then the unreacted thionyl chloride is eliminated under 
reduced pressure. The residue is added with 20 ml of heptane and dried twice, then it is 
dissolved in 50 ml of methylene chloride, cooled at 0“C and added dropwise with a 
solution ot 2.43 g of thiophene in 5 mi of methylene chloride. Keeping the temperature at 
O'^C. a solution of 6.74 mi of SnCU in 12 ml of methylene chloride is then dropped. The 
reaction mixture is kept at room temperature for 2 hours, then it is poured into 200 mi of 
2 N hydrochloric acid. The aqueous phase ts separated and extracted with 100 ml of 
methylene chloride. The organic phase is dried over sodium sulfate and evaporated to 
dryness and the residue is purified by silica gel chromatography (eluent hexane/ethyi 
acetate 5:1), obtaixung, after recrystailization fi'om hexane. 4 79 g of the product, m.p. 
105-107'’C. 

Preparation 3 - Sy nthesis of 2-f3-f2-thienvnoroDanovllthioohene 
.A solution of 4, 64 g ot 2-r3-(2-thienyl)acryloyl]thiophene in 50 ml of dry methylene 
chloride and 0.97 g ot tris(triphenylphosphine)rhodium chloride is hydrogenated at room 
temperature overnight. The reaction mixture is then concentrated to dryness and purified 
by silica gel chromatography (eluent hexane(ethyl acetate 20:1) to trive 4.3 g of the 
product as an oil. 
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Preparation 4 - Synthesis of~2-f2-(’('2.2’-bisthi e n-5’-vncarbonvl')thien-5-vi]aceiic acid 

ethvl ester 

A solution ofbis-thiophene-2-carboxyiic acid f3 g; preparation 1) in 20 ml of thionyl 
chloride is heated at 50°C for 1 hour 30 minutes, then the unreacted thionyl chloride is 
evaporated ofif and the residue is treated three times with 10 ml of heptane and 
evaporated. The residue is dissolved in methylene chloride and cooled at 0°C. then it is 
added dropwise with a solution of 2-(thien-2-yl)acetic acid, ethyl ester (2.19 e) in 5 ml of 
methylene chloride. A solution ot SnCU (3 ml) in 10 ml of methylene chloride is 
subsequently added. The reaction mixture is kept at room temperature for 2 hours, then 
it is poured into 200 ml of 2 N hydrochloric acid. The aqueous phase is extraaed with 
methylene chloride (3x150 mi) and the organic extraas are colleaed. dried over sodium 
sulfate and concentrated to dryness.The residue (8 g) is purined by silica gel 
chromatography (eluent hexane/ethyl acetate 8: 1) to give 3.62 of the product. 

Pre paration 5 - Synthesis of 2-f2-((2.2’-bisthi e n-5’.vncarbonvnthien.5-vl1.rprir .HH 
A suspension of 3.62 g of 2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]acetic acid, ethyl 
ester, in 60 mi of ethanol and 5 ml of water is cooled at 0°C and added with 1 1.35 ml of 
2 N sodium hydroxide. The mixture is kept at room temperature overnight, then it is 
concentrated to a little volume. After acidification, the product crystallizes, which is then 
separated by nitration and dried under vacuum at 40°C. 2.4 g of the product are 
recovered. 

Preparation 6 • -‘- n-(2-thienvnDropanovll-l-f1uoroben7pnp 

:> g of 2-(2-thienyiidene)-4-fluoroacetophenone are dissolved in 50 ml of dry methylene 
chlonde and added with 0.97 g of tris(triphenyiphosphine)rhodium chloride. The reaaion 
is hydrogenated for 8 hours (about 470 mi of hydrogen are reacted), then it is 
concentrated to dryness and purified by silica gel chromatography (eluant hexane/ethyl 
acetate 20 ; 1), to give 4.85 g of the product. 

Preparation 7 ■ 2-r2-(trifl uoroacetamidoVl-ethvl1thinnh<.nf. 

A solution of 2-(2-thienyi)ethylamine (10 g) in 100 ml of tetrahydrofuran is cooled to 
0°C then it is added dropwise with 9.05 ml of ethyl trifluoroacetate. After 4 hours under 
stimng at room temperature the reaaion mixture is concentrated to dryness to give 18 g 
of an oil which is treated with 18 ml of ethyl ether and saturated with 90 ml of hexane. 

After cooling for 2 hours 12.15 g of the produa are collected bv filtration, m.p. 45- 
47°C. 
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Preparation 8 - 2-r2-((’2.2'-bisthien-5’-vncarbonvl'>thien-5-vn-N- 
irifluoroacetvlethvlamine 

A solution of bis-ihiophene-2-carboxylic acid (3.4 g; preparation 1) in 25 ml of thionyi 
chloride is heated at 50°C for 2 hours. The reaction mixture is concentrated to dryness, 
then it is redissolved in heptane and concentrated again to dryness. This work up is 
repeated, then the residue is dissolved in methylene chloride, cooled at 0°C and added 
dropwise with a solution of 3.3 g of 2-[2-(trifluoroacetamido)-l-ethyl]thiophene 
(preparation 7) in 20 ml of methylene chloride and subsequently with a solution of SnCU 
(3.8 ml) in 3.8 ml of methylene chloride. The reaction mixture is kept under stirring at 
room temperature for 2 hours, then it is poured into 200 ml of 2 N hydrochloric acid and 
extracted with tetrahydrofuran (4 x 100 ml). The organic extracts are pooled, dried over 
sodium sulfate and the solvent is evaporated under reduced pressure. 1 8 g of a black oil 
are obtained, which is purified by silica gel chromatography (eluant 
hexane/tetrahydrofuran 2:1). After recrystallization from hexane (100 mi) and drying 
under vacuum at 50"C, 4.3 g of the product are obtained, m.p. 168-170'=’C. 

Preparati on 9 - 2-r2-((2.2*-bisthien-5’-vl)carbonvnthien-5-vnethvlamine 
To a mixture of 2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]-N- 
trifluoroacetylethylamine (10 g; preparation 8) in 800 ml of methanol, cooled at 0°C and 
kept under stirring, 60.17 ml of 2 N sodium hydroxide are added and the reaction 
mixture is heated at 50°C overnight. The mixture is then concentrated to a little volume, 
then it is added with water (500 ml) and extraaed with chloroform (4 x 200 ml). The 
organic extracts are pooled, dried over sodium sulfate and concentrated to dryness. After 
crystallization from a ethyl acetate (16 ml)/hexane (16 mi) mixture. 5.1 g of the product 
are obtained, m.p. 102-104“C. 

E.xample 1 - Synthesis ofN»r2-f2-((2.2'-bisthien-5’-vi)carbonvl)thien-5- 
vllacetvntriptophane. ethvi ester 

A suspension of 2.34 g of 2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]acetic acid 
(preparation 5) and 1.74 g of carbonyldiimidazole in 150 mi of dry THF is kept at 40®C 
for I hour. The mixture is cooled to 20°C and it is added dropwise with a solution of 
2.45 g of triptophane ethyl ester in 10 ml of dry THF. After 2 hours the reaction mixture 
IS concentrated to dryness, then it is dissolved in ethyl acetate, washed with water and 
extracted with 200 ml of chloroform. The organic phase is concentrated to dryness to 
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give 7 g of a residue which is purified by silica gel chromatography (eluent hexane'ethyl 
acetate from 4: 1 to 2; 1 ). 2.79 g of the produa are obtained. 

Example 2 - Syn thesis of N-r2-r2-(f2.2*-bisthien-5’-vncarbonvnthien-5- 
vnacerviltriptophane 

A solution of 2.2 g of N-[2-[2-((2,2’-bisthien-5’-yl)carbonvl)thien-5- 
yl]acetyl]triptophane. ethyl ester (example 1) in 320 ml of ethanol and 10 ml of water is 
cooled at OX. then it is added dropwise with 4,13 ml of 2 N sodium hydroxide. After 4 
hours at room temperature, the mixture is concentrated to a little volume, added with 
water, washed with ethyl acetate and acidified to pH = 2. The aqueous phase is extracted 
with ethyl acetate, the organic extraas is dried over sodium sulfate, concentrated to 
dryness and the residue is purified by silica gel chromatography (eluent 
chloroform/methanoL/acetic acid 9: 1 :0,25) to give 1 . 16 g of the product, m.p. 166- 
IbS^C. 

Example 3 - Synthesi s of 2-r3-f2-((2.2’-bisihien-5’-vnrarbonvlithieno. 
vllpropanovllthiophene 

A solution of 1 g of bis-thiophene-2-carboxylic acid (preparation 1) in 5 ml of thionyl 
chloride is heated at 50°C for 1 hour 30 minutes, then the unreacted thionyl chloride is 
evaporated off and the residue is added with heptane and again evaporated. The residue 
is dissolved in methylene chloride, cooled at 0°C and added dropwise with a solution of 
2-[3 -(2-thienyl )propanoyl]thiophene ( 1 g; preparation 3) in 3 ml of dry methylene 
chloride. .A solution of 1.05 ml of SnCU in 3 mi of drv' methylene chlonde is then 
dropped, keeping the temperature at 0°C. The reaaion mixture is kept at room 
temperature for 1 hour, then it is poured into 100 ml of 2 N hydrochloric acid, extracted 
with ethyl acetate (3x100 mi), dried over sodium sulfate and concentrated to dryness. 
The residue (j g) is purified by silica gel chromatography (eluent hexane.'ethvi acetate 
5:1) to give 1 .02 g of the product, m.p. 124-126°C. 

Example 4 - Synthesis of 2-^3-r2-(r2■ 2’-bisthien-5•-vl)ca^hnnvl^fhien.S- 
vilac^vdovl1thioDhene 

A solution ot 0.24 g or bis-thiophene-2-carboxylic acid (preparation 1) in 3 mi of thionyl 
chloride is heated at 50“C for I hour 30 minutes, then the unreacted thionyl chloride is 
evaporated off and the residue is added with heptane and again evaporated. The residue 
is dissolved in methylene chloride, cooled at 0'=C and added dropwise with a solution of 
--[j-(2-thienyl)acryloyl]thiophene (0.3 g; preparation 2) in 3 ml of drv methvlene 
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chloride. A solution oi 0.3 1 ml of SnCU in 3 ml of dry methylene chloride is then 
dropped, keeping the temperature at 0°C. The reaction mixture is kept at room 
temperature for 4 hour, then further 0.3 ml of SnCL are added and the mixture is kept at 
room temperature overnight. The reaction mixture is poured into 200 ml of 2 N 
hydrochloric acid, extracted with ethyl acetate (3x50 ml), dried over sodium sulfate and 
concentrated to dryness. The residue (1.3 g) is purified by silica gel chromatoeraphy 
(eluent hexane/ethyl acetate 5:1, then pure ethyl acetate) to give 0.37 g of the produa. 
Example 5 - Synthesis of 2 -r3-r2-(('2.2*-bisthien-5’-vi)carbonvl)thien-5-vllDrooanovl1-4- 
fluorobenzene 

1.06 g ofbis-thiophene-2-carboxyiic acid (preparation i) in 10 ml of thionyl chloride are 
heated at 50°C for 1 hour 30 minutes, then the mixture is concentrated to dryness. The 
residue is treated twice with 20 ml of heptane, finally with 30 mi of methylene chloride, 
cooled to 0°C and added dropwise with a solution of 4.[3-(2-thienyl)propanoyl]-l- 
fluoroben 2 ene ( 1 .08 g; preparation 6) in 5 ml of methvlene chloride. Keeping the 
temperature at about 0°C, a solution of SnCU (1.07 ml) in 5 ml of methylene chloride is 
added dropwise, then the mixture is stiaed at room temperature for 2 hours. The 
reaction mixture is poured into 150 ml of-2 N hydrochloric acid, then it is extracted with 
ethyl acetate and the organic phase is concentrated to dryness. The residue is purified by 
silica gel chromatography (eluant methylene chloride), to give, after crystallization from 
ethyl acetate/hexane mixture, I g of the product, m.p. 138-140°C. 

Example 6 - 

.According to the procedures described in the previous preparations and examples, the 
following oligothiophene derivatives are obtained: 

- N-[2-(2-((2,2’-bisthien-5'-yi)carbonyl)thien-5-yi]acetyi]glycine; 

- N*[2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]acetyl]alanine: 

■ ^*[2'(2-((2,2 -bisthien-5’-yl)carbonyl)thien-5-yi]acervl]phenvialanine; 

* i^*[2*[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]acetyl]tyrosine; 

■ ^"[2'[2-((2,2 -bisthien-5’-yl)carbonyl)thien-5-ynacetyl]leucine; 

- N-[2-[2-((2.2’-bisthien-5’-yl)carbonyl)thien-5-yl]acetyl]Iysine; 

- N-[2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]acetyi]serine; 

- N-[2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]acetyl]isoleucine; 

* 2-[3-[2-((2,2 -bisthien-5 ■yi)carbonyl)thien-5-yl]propanoyl]-4-fluorobenzene; 

- i-[3-[2*((2,2 *bisthien-5’-yl)carbonyl)thien-5-yl]propanoyi]-4-chlorobenzene: 
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- 2-[3-[2-((2,2’-bisthieno'-yl)carbonyl)thien-5-yl]propanoyi]-2-bromoben2ene; 

- 2-[3-[2-((2,2’-bisihien-5'-yl)carbonyi)thien-5-yt]propanoyi]-4-(carboxymethyi)benzene; 

- 2-[3-[2-((2,2’-bisthien-5'-yl)carbonyl)thien-5-yl]propanoyl]-4-faminomethyl)ben2ene; 

- 2-[3-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]propanovi]-3- 
( dimethy laminomethyObenzene; 

- 2-[3-[2-((2,2’-bisthien-5'-yl)carbonyl)ihien-5-yl]propanoyl]-2-(terT-butyl)benzene; 

- 2-[j-[2-((2,2 -bisthien-5’-yl)carbonyl)thien-5-yt]acryloyl]-4-tluorobenzene; 

- 2-[3-[2-({2.2’-bisrhien-5'-yl)carbonyl)thien-5-yl]acryioyl]-4.chlorobenzene; 

- 2-[3-[2-((2,2’-bisihien-5’-yl)carbonyl.)thien-5-yl]acryioyi]-2-bromoben2ene; 

' 2-[3-[2-((2,2 -bisthien-5 -yl)carbonyl)thien-5-yl]acryioyl]-4-(carboxymethyl)ben2ene; 

- 2-[3-[2-((2,2 -bisthien-5 -yl)carbonyl)thien-5-yl]acryloyi]-4-(aminomethyl)benzene; 

- 2-[3-[2-((2,2’*bisthien-5’-yi)carbonyi)thien-5-yl]acryioyi]-3- 
( dimethylaminomethyl)benzene: 

‘ 2-[3-[2-((2,2 -bisihien-5 -yl)carbonyt)thien-5-yl]acryloyi]-2-ften-buivl)benzene. 
Example / - 4-f2»[2-((2^2_ »bist h ien-5^-vncarbonvnthien-5-vl1ethvlarmnocarbonvi'|-2- 
Ct_ert’butoxvcarbonvlamino)butanoic acid 

A mixture of giutammic acid N-BOC (0.88 g) and l,l’-carbonyldiiinidazoie (0.63 g) in 
40 mi ot tetrahydroftjran is kept under stirring at room temperature for 2 hours, then a 
solution of 2-[2-((2,2 -bisthien*5’-yl)carbonyl)thien-5-yl]ethylamine (1.11 g; preparation 
9) in 40 ml of tetrahydrofliran is added dropwise and the reaction mixture is heated at 
^0 C oveniight. The solvent is evaporated under reduced pressure and the residue is 
dissolved in ethyl acetate and washed with a saturated aqueous solution of potassium 
hydrogensulfate. After separation by filtration of the solid which separates (starting 
product), the organic phase is concentrated to dryness. The residue (2.5 a) is purified by 
sihcagei chromatography (eluant I) chloroform/meihanol 15 : 2: 2) chloroform/methanol 
9 : I ), to give 0.42 g of the product. 

Example 8 * 4«f2-[2-((2,2 •bisthien-5 '«vncarbonvnthien-5-vnethviaminocarbonvlT2» 
aminobutanoic acid 

A suspension ot 4-[2-[2-((2,2 -bisthien-5*-yl)carbonyl)thien-5-yi]ethylaminocarbonyl]-2- 
(ten-butoxycarbonylamino>buianoic acid (0.28 g; example 7) in 28 mJ of methylene 
chloride is added with 0 .j 9 ml of trifluoroacetic acid. The resulting dark solution is kept 
under stimng at room temperamre overnight, then it is concentrated to dryness. The 
residue is redissolved in absolute ethanol ( 1 5 mi) , then it is concentrated again to 
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dryness and this work up is repeated another time. The residue (0.3 g) is suspended in 20 
ml of hexane, stirred for I hour at room temperature, filtered and dried under vacuum at 
30“C. 0,2 g of the product are obtained. 

H-NMR in d6-DMSO D^O; 1 .9 ppm ( m, 2H); 2.18 ppm (m, 2H); 3.05 ppm (m, 2H); 
3.36 ppm (br m. 2H); 3.7 ppm (t, IH); 7.1 ppm (m, 2H); 7.5 ppm (m, 3H); 7.9 ppm (m, 
2H); 8.61 ppm (br t, IH). 

E.xamoie 9 - 

.According to the methods described in examples 7 and 8, staning irom the suitable 
amino acids, the following oligo-thiophenes are obtained; 

- [2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yi]ethylamino]leucinamide; 

- [2-[2-((2,2’-bisthien-5’-yl)carbonyi)thien-5-yl]ethylamino]phenylalaninamide; 

- (2-[2-((2,2’-bisthien-5’-yl)carfaonyi)thien-5-yl]ethylamino]serinamide; 

- [2-[2-((2,2’-bisthien-5'-yl)carbonyl)thien-5-yl]ethylaminollysinamide; 

- [2-[2-((2.2'-bisthien-5’-yl)carbonyl)thien-5-yl]ethylamino]isoleucinamide; 

• [2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]ethylamino]istidinamide; 

- [2-[2-((2,2’-bisthien-5’-yi)carbonyl)thien-5-yl]ethylamino3tyrosinamide. 
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CL.^UM.S 

1. Oligo-ihiophenes of the general formula Cl); 




wherein: 

A IS a -CH 2 -CO-, -CH 2 CH 2 -CO- or -CH=CH-CO- group; 

B is a 2-thienyi or a phenyl group, which is substituted by an R group, or it is a 
natural or synthetic amino acid, linked to the A group via its N-terminus; or A-B 
^ -CH 2 CH 2 -NH-A. A.-group, wherein the A. A. -group is a natural or synthetic 
anuno acid residue, linked to the CH 2 CH 2 -N"H-group via its carboxy-terminus; 

R is hydrogen or a chlorine, bromine, iodine, fluorine, (Ci-C 4 )alkyl, (Ci- 
C4)alkylene- COOR’, (CrC4)alkyiene-NH2. (C,-C 4 )alkylene-NR ’2 or (C,- 
C4)alkylene-NHCOR’ group; 

R’ is hydrogen or a (Ci-C 4 )alkyl group, 

isomers thereof, and salts thereof with pharmaceutically acceptable acids and bases. 



2. Oligo-thiophenes according to claim 1, wherein B is an amino acid. 



3 . Oligo-thiophenes according to claim 2. wherein A-B is a croup of formula 

-CH 2 CH 2 -NH-A.A.-. 

4. Oligo-thiophenes according to claims 1 to 3, wherein the amino acid is triptophane. 

5. Oligo-thiophenes according to claim 1, wherein B is a 2-thienvl croup. 

6. Oligo-thiophenes according to claim I, selected from; 

■ **l^'[^*((2,2 -bisthien-5 "yOcarbonyOthien-S-ylJacetylJtriptophane; 

* 2*[3-[2-{(2.-i -bisthien-5 *yi)carbonyl)thien-5-yl]propanovl]thiophene; 

- 2-{3-[2-((2,2’-bisthien-5*-yi)carbonyl)ihien-5-ynacryloyl]thiophene; 

■ -*[-^*{2-((2,2 -bisthien-5 *yi)carbonyl)thien-5-yi]propanovl]-4-fiuorobenzene; 

- N-[2-[2-((2,2’-bisthien-5’-yi)carbonyl)thien-5-yi]acetyi]glycine; 
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- M-[2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yi]aceiyl]alanine; 

- N-[2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]acetyl]phenyialanine; 

- N-[2-[2-({2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]ace:yl]t\TOsine; 

- N-[2-[2-((2,2’-bisthien-5'-yl)carbonyi)thien-5-yl]aceryl]leucine; 

- N-[2-[2-((2,2’-bisthien-5*-yl)carbonyi)thien-5-yl]aceryl]lysine; 

- N-[2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]aceiyl]serine; 

- N-[2-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yi]acetyi]isoleucine; 

- 2-[3-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]propanoyl]-4-fluorobenzene; 

- 2-[3-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]propanoyl]-4-chlorobenzene; 

- 2-[3-[2-((2,2’-bisihien-5’-yl)carbonyi)thien-5-yl]propanoyl]-2-bromobenzene; 

- 2-[3-(2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]propanoyi]-4-(carboxymethyl)benzene; 

- 2-[3-[2-((2,2’-btsthien-5’-yl)carbonyi)lhien-5-yl]propanoyi]-4-<aininomethyi)benzene; 

- 2-[3-[2-((2,2’-bisihien-5’-yl)carbonyl)thien-5-yl]propanoyi]-3- 
{ dimethylaminomethyi)beitzene; 

- 2-[3-[2-{(2,2’-bisthien-5’-yi)carbonyl)ihien-5-yl]propanoyl]-2-(tert-butyl)benzene; 

- 2-[3-[2-((2,2’-bisihien-5’-yl)carbonyl)thien-5-yl]acry!oyl]-4-fluorobenzene; 

- 2-[3-[2-((2,2’-bisthien-5’-yl)carbonyl)thien-5-yl]acryloyl]-4-chlorobenzene; 

- 2-[3-[2-((2.2’-bisthien-5’-yl)carbonyl)thien-5-yl]acryioyl]-2-bromobenzene; 

- 2-[3-[2-{(2,2’-bisthien-5’-yl)carbonyl)thien-5-yllacryioyl]-4-(carboxymethyl)benzene; 

- 2-[3-[2-((2,2’-bisihien-5’-yl)carbonyl)thien-5-yl]acryioyl]-4-(aminomethyl)benzene; 

- 2-[3 -[2-((2,2 ’ -bisthien-5 ’ -yl)carbonyl)thien-5-yi]acryioyl]-3 - 
( dimethylaminomethyl)ben 2 ene; 

- 2-[3-[2-((2,2’-bisthien-5’-yi)carbonyl)thien-5-yl]acryioyi]-2-('tert-butyl)benzene. 

7 Phannaceuticai compositions containing a pharmacoiogicaily effective amount of one 
or more compounds of claims 1 to 6 in admixture with pharmaceutically acceptable 
eccipients. 

S. The use of compounds of claims I to 6 for the preparation of a medicament having 
antitumor and antimetastatic activity. 

9. Compounds of claims I to 6 for use as inhibitors of uPA binding to the specific uPAR 



receptor. 
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